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14.1. Chronological Bibliography for Structure
Factor
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*D. G. Henshaw, Phys. Rev. 119, 9 (1960).
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"H. N. Robkoff, D. A. Ewen, and R. B. Hallock, Phys. Rev. Lett. 43, 2006
(1979).

¥V. F. Sears and E. C. Svenson, Phys. Rev. Lett. 43, 2009 (1979).

“H. N. Robkoff and R. B. Hallock, Phys. Rev. B 24, 159 (1981).
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21, 3638 (1989).
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15. Thermal Conductivity
Adopted Database

Author(s) Key # Range (K)

Ahlers 1 2.172<T<2.176
Behringer & Ahlers 2 2.1728<T<4.209
Tam & Ahlers 3 2.172<T<2.542
Dingus, Zhong & Meyer 4 2.172<T<3.765

Comments and Key to Authors

(1) Reference 10. Uncertainties as in No. (3). Systematic
uncertainties increase below /T~ 1<107°,

(2) Quoted in Ref. 17. Uncertainties: 7/T,—1>107°
roughly 0.1%. Otherwise uncertainties rise closer to T
and a formula given.

(3) Reference 20. Uncertainties: T/TA—1<IO’5, +0.5%,
otherwise +0.1%.

(4) Reference 21, Table IV only. Uncertainty: <5%.

(5) To convert from mW/cm-K to erg/cm-s-K multiply by
10*.
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FiG. 15.1. The recommended values for the thermal conductivity of liquic
“He as a function of temperature at the saturated vapor pressure.
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TaBLE 15.1. Adopted database for the thermal conductivity of liquid *He

K «(mW/em-K) Key T ®) «mWicm-K) Key Ty (K) ,mW/icm-K) XKey Ty(K) ,mW/cm-K) Key

2219484  145952E-1
2.275 RA9 1433 00F -1
2227626 1444 34E—1
2228390 1.43700E—1
2233576  1.43200E—1
2235797 143430E-1
2.242645  1.42900E-—1
2.242667 1421 00E—1
2243996 1427 25E—1
2248 106  1.42620E—1
2.259352 1416 00E—1
2259664 1411 00E—1
2.272 133 1413 00— 1
2276905  1.406 00E—1
2.287034 141300E—1
2.289631 1418 14E—1
2312101 1411 00E-1
2327997 142300E-1
2331968 143077E—-1
2.331 969 1,428 70E—1
2348300 1.42500E-1
2369424 1436 00E—1
2375205 1.44787E-1
2385618  1.44100E—1
2402033 1451 00E—1
2419273 146497E—1
2463775 1.45100E—1
2479577 1484 00E—1
2487082  1.49748E-—1
2533625 1.51943E-1
2.547352 1499 00E—1
2.562433  1.52200E-1
2629982  1.56950E—1
2638230 1556 00E—1
2731245 1617 11E—-1
2731339 1.618 12E—1
27772403 1611 00E—1
2.838 136 1.666 13E—1
2.838136  1.66491E—1
2920833  1.67000E—1
3010123 L.736 72E-1

2.178 987  2.656 00E—1
2.179 120 2.584 O0F —~ 1
2179127 2754 23E-1
2179463  2.49500E-—1
2.179606  2.45200E—1
2.179789  2.39200E—1
2.179993  2.32900E—1
2180049 2.32600E—1
2.180067  2.31200E—1
2.180 112 2.32200E-1
2.180 147 231800E—1
2180242 2344 23E—1
2.180 253 2.29300L -1
2.180263  2.284 00E—1
2.180330 2278 00E-1
2.180894  2.15900E—1
2.180918  2.16000E—1
2.180939  2.29087E-1
2.181006 2.16576E~—1
2.181 598 2.081 00E—1
2.181708  2.05500E—1
2181712  2.06700E—1
2.182109  2.008 00E—1
2.182148  2.00200E-1
2.182532  1.95700E—1
2.182 761 1.95100E—1
2183106 1.91400E-~1
2.184050 1.85200E-—1
2.184066  1.864 00E-—1
2.184706  1.836 00E—1
2184832  1.83227E-1
2.185046  1.81100E—1
2.186237  1.766 00E—1
2.186423  1.751 00E—1
2.186423  1.76300E—1
2,186 858  1.738 00E—1
2.188800  1.691 00E—1
2.188855  1.69594E—1
2.189593  1.65200E-1
2.190 521 1.642 00E—1
2.190657  1.65500E—1

2.176 893 1.071 52E0Q

2.176 894  9.968 00E—1
2.176 896  9.670 00E—1
2.176 899  1.071 52E0

2.176 911 9.505 00E—1
2176917  8.78200E—1
2176921  9.03500E—1
2.176 925  8.85390E—1
2176937  9.12011E-1
2176943 8.069 00E—1
2176947  8.51138E—1
2.176 960  8.039 00E—1
2.176 963  7.87700E—1
2.176 973 8317 64E—1
2.176 974  7.423 00E—1
2176978  7.554 00E—1
2.177010  7.036 00E—1
2177022  7.07946E—1
2.177049  6.61700E—1
2.177050  6.500 00E—1
2177061  6.760 83E—1
2.177 093 6309 S7F—1
2.177096  6.02200E—1
2177126 5778 00E—1
2177128  5.71000E—1
2177145  5.70700E-1
2177152 6.02560E— 1
2.177169  5.88844E—1
2.177173  5.43890E—1
2.177 199 5.236 00E -1
2177204  549541E—1
2177230  5.11800E—1
2177249 4934 00E—1
2177264 537032E-1
2177296  4.80700E—1
2.177305  4.80550E—1
2177309  S.24807E—1
2.177 333 4.897 79E~ 1
2177346  4.51000E—1
2.177441  4.57088E—1
2.177468 4231 00E—1
2177498  4.13500E—1
2.177499  4.07500E—1
2177500 4178 00E—1
2177553  4.168 69E—1

- o804 4.466 84E0

a0 4.168 69E0

6806 3.404 00E0
6807 3.305 60E0
6807 3.630 78E0
176807 3.028 S0E0
-1%6807  3.084 50E0
6808 3.097 80EO
176808 2.921 00EO
1°6808  2.764 10EO
176808 3.311 31E0
1176809 3.019 95E0
1176810 2.681 00EQ
<176 810 2.627 T0EQ
2176812 2.356 40E0
1176812 2.396 00EO
176812 2.417 10E0
116813 2.75423E0
1176813 2332 20E0
2176814 2.321 10E0
176814 2.691 53E0
1176 815 2.256 10F0
1176816 2.511 89E0
1176816 2.100 00E0’
1176817 2.13140E0
1176818 2344 23E0
1176820 1.959 00EO
1176820 1.935 70E0
2176821 2.238 72E0
2176 821 1.8901 SOEO
1176823 2.137 96E0
1176823 1.89220E0
2176824 1.791 40E0
1176826 1.753 10E0
2176828 1.995 26E0
1176829 1.695 80EO
276831 1737 80EO
1176 832 1.590 30£0
2176833 1.581 20E0
1176833 1.737 80EO
2176836 1.563 80EO
1176841 1.419 [0EO
1176841 1.513 56E0
176842 1.418 60E0
1176846 1.513 56E0

: ;72 g;‘g :;Z; ‘;ggg ; :;; zz; ;g:z 232 ; 2192880  1.616 89E—1 3085844  1.72500E— I
el Lsas 1480 iy ei 38230061 2192923 1.608 00E~ 1 3133917  1.783 08E—1
2.196 183 1.564 00E— 1 3300888  1.841 I15E—1

2.177665  398107E—1
177726 3.641 00E—1

2176 854 1.275 40E0Q
2176854 1.239 90E0

3421077 1.81900E—1
3483569 1.89601E—1

2.196908  1.567 1SE—1
2.197 991 1.554 00E—1

™~
N[QNNR)L'JL»NuML»JI\JI\lUl\)L)JI\)MWNMWNW-‘3I\)l\)u&NUJAND)&NNUDN&-PU#WNNA#NWWN&N

NW—'#——wwk—-L»J—".u—#—-ww-—-J:.Js—-w—w&.—wu._..z;.-<uu.p.—w._-w.p.,_..z:.w_‘»_hw_wpwﬂb__wbu&w_wh__
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N'u-:JxJ-\L»J-J?aAl\)-bwwbwl\)-h&wa&wmw-&-huhwwhw&kww-ﬁumhhﬁ»—bubw-h'—AP##WAW&—-‘NUJ

2176856 1.380 38£0 2.177802  3.578 00E~-1
2176 863 1.190 50E0 2.177824  3.562 00E—1 2.199452  151500E—-1 3588699 1.85500E—1
1176863 1.146 40E0 2177881  3.476 80E— 1 2200223 1.528 00E—1 3.643302  1.92895E—1
2176 866 1.318 26E£0Q 2.177918 3.404 00E— 1 2.200 336 1533 00E—1 3.772 385 [.88500E— 1
2176 868 1.146 80ED 2177966 3548 I3E—1 2.202 731 1.521 00E — 1 3.772 385 1.885 00E — |
-176872 1258 930 2.178076  3.238 00E - | 2203281 1.51939E—1 3816934 1.95957E—1
:/2 Z;? ]‘82; 28?8 3:;83 i;i :(1);3 g’gi:i 2206011 1.493 00E— 1 3.909782  1.97274E~1
2176882 1029 10EQ 2178506 2.906 00E— 1 2206011 1495 00£—1 4006976 1.981 48 —1
176883 1148 1550 3178505 2810 00F 1 2206109 1.489 00E—| 4109041  1.988 52E-1
2176889 1.032 S0E0 2178606  2.815 00— 1 2209292 1481 00E -1 4216445 1.994 02E-1
2178781 2951 21E-1 2214110 1467 00E~1 2209292 1496 00£ 1

1178813 2730 00E—1 2215896 1449 00E—1 2209381 1.48300£-1

2178860 2724 46E— 1 2216593 1440 00E— 1 2211370 1481 12E— 1|
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TaBLE 15.2. Knots and coefficients for the spline fit of thermal conductivity.

R. J. DONNELLY AND C. F. BARENGHI

This spline returns the conductivity in W/cm K

Knots

Cocfficients

K(1)=2.176 804
K(2)=2.176 804
K(3)=2.176 804
K(4)=2.176 804
K(5)=2.176 806
K(6)=2.176 814
K(7)=2.176 841
K(8)=2.176 890
K(9)=2.177 066
K(10)=2.177 250
K(11)=2.177 640
K(12)=12.178 583
K(13)=2.181 366
K(14)=2.190 463
K(15)=2.209 490
K(16)=2.290 049
K(17)=2.5501721

C(1)=4467 094E +0
C(2)=4.079 STOE+0
C(3)=2.734 695E+0
C(4)=1.932 48E+0
C(5)=1.266 490E +0
C(6)=7.907 832E—1
C(7)=6.252 596E — 1
C(8)=4.624 502E— 1
C(9)=3.358 313E— 1
C(10)=2.422 696E — |
C(11)=1.775 809E— |
C(12)=1.549 755E~ 1
C(13)=1.398 263E— |
C(14)=1.416 969E - 1
C(15)=1.783 677TE—1
C(16)=1.926 469E— 1
C(17)=1994 140FE—1

K(18)=4.216 445
K(19)=4.216 445
K(20)=4.216 445
K(21)=4.216 445

TaBLE 15.3. Recommended values of thermal conductivity in helium I

Ty (K) x (mW/cm-K) Tgo (K) « (mW/cm-K)
2.176 81 2.6979 2.75 0.1617
2.176 82 2.0756 2.80 0.1639
2.176 83 1.7337 2.85 0.1659
2.176 84 1.5163 2.90 0.1679
2.176 85 1.3609 295 0.1699
2.176 86 1.2451 3.00 0.1717
2.176 87 1.1600 3.05 0.1735
2.176 88 1.0968 3.10 0.1753
2.176 89 1.0463 3.15 0.1769
2.1769 1.0014 3.20 0.1785
2.1770 0.7287 3.25 0.1800
2.1775 0.4205 3.30 0.1815
2.1780 0.3337 3.35 0.1829
2.1785 0.2930 3.40 0.1843
2.1790 0.2678 3.45 0.1855
2.1795 0.2489 3.50 0.1868
2.1800 0.2354 355 0.1880
2.1850 0.1808 3.60 0.1891
2.1900 0.1647 3.65 0.1902
2.1950 0.1578 3.70 0.1912
220 0.1534 375 0.1922
225 0.1413 3.80 0.1931
230 0.1413 3.85 0.1940
235 0.1429 3.90 0.1949
2,40 0.1449 3.95 0.1957
245 0.1472 +4.00 0.1965
2.50 0.1497 4.05 0.1972
238 0.1523 410 0.1979
2.60 0.1548 415 0.1986
2.65 0.1572 420 0.1992
270 0.1595

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998

15.1. Chronological Bibliography for Thermal
Conductivity

'W. H. Keesom and A. P. Keesom, Physica 3, 359 (1936).
2p. L. Kapitza, J. Phys. USSR 4, 181 (1941).
3C. Grenier, Phys. Rev. 83, 598 (1951).
“R. Bowers, Proc. Phys. Soc. LXV 74, 511 (1952). .
SC. ). Challis and J. Wilks, ““U. S. Air Force Office of Scientific Researcli‘
Report No. TR-57-78,” in The Symposium on Solid and Liquid Helium 3
(Ohio State University Research Institute, Columbus, OH, 1957), Vol. 38,
SP. Winkel and D. N. Wansink, *“Transport phenomena of liquid helium [[
in slits and capillaries,”” in Progress in Low Temperature Physics, edited
by C. J. Gorter (Interscience, New York, 1957), Vol. 2, pp. 83-104.
"D. F. Brewer and D. O. Edwards, Proc. R. Soc. London, Ser. A 251, 247
(1959).
8D. M. Lee and H. A. Fairbank, Phys. Rev. 116, 1359 (1959).
9G. Ahlers, *“Thermal conductivity of helium I near T lambda,”’ in Elev.
enth International Conference on Low Temperature Physics, 1968, Vol. |,
pp. 203-206.
0G. Ahlers, Phys. Rev. Lett. 21, 1159 (1968).
''M. Archibald, J. M. Mochel, and L. Weaver, Phys. Rev. Lett. 21, 1156
(1968). '
12J. F. Kerrisk, Ph.D. thesis, University of New Mexico, 1968 (unpub-
lished).
13]. Kerrisk and W. Keller, Phys. Rev. 177, 341 (1969).
M. Tanaka and A. Ikushima, J. Low Temp. Phys. 35, 9 (1979).
SA. Acton and K. Kellner, Physica B 103, 212 (1981).
16G. Ahlers, P. C. Hohenberg, and A. Kornblit, Phys. Rev. Lett. 46, 493
(1981).
7G. Ahlers, P. C. Hohenberg, and A. Kornblit, Phys. Rev. B 25, 3136
(1982).
D, Gestrich, M. Dingus, and H. Meyer, Phys. Lett. 994, 331 (1983).
W. Y. Tam, Ph.D. thesis, University of California, Santa Barbara, CA,
1985.
2Ww. Y. Tam and G. Ahlers, Phys. Rev. B 32, 5932 (1985).
2'M. Dingus, F. Zhong, and H. Meyer, J. Low Temp. Phys. 65, 185 (1986).

16. Latent Heat of Vaporization

Adopted Database

Author(s} Key # Range (K)
Van Dijk and Durieux 1 1=T=42
Berman and Pouiter 2 1.5s7=<41
Dana and Onnes 3 22<T<5.18
Ter Harmsel et al. 4 22<T=<49
Theory 5 0=<T=<09

Comments and Key to Authors

(1) Reference 3. Discussion of data from Refs. 1 to 3.

(2) Reference 2. Uncertainties: +0.1%.

(3) Reference 1. Pioneering qualitative measurements.

(4) Reference 4. Uncertainties: Random =0.1%, systematic
+0.03%.

The latent heat at absolute zero is taken as Lg
=59.83 J/mol. At low temperatures, L =Ly + 3RT which
was used to 0.9 K. Here, R=8.31451 J/mol-K.

(5
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TABLE 16.1. Adopted database for latent heat of vaporization of liquid *He

100 ¥y > T v r T 7T
Ty (K) L (J/mol) Key Ty (K) L (J/mol) Key
80 0.0000 59.83 5 2.9061 93.81 1
0.1000 61.91 5 2.9061 93.81 2
60 0.2000 63.99 5 2.9061 94.16 4
° 0.3000 66.07 5 3.0063 93.91 1
\E 0.4000 68.14 5 3.0063 93.90 2
= 40 0.5000 70.22 5 3.0063 94.70 3
- 0.6000 72.30 5 3.0063 94.29 4
0.7000 74.38 5 3.1004 93.90 1
20 0.8000 76.46 5 3.1064 93.90 2
| | 0.9000 78.54 5 3.1064 94.30 4
1.0028 80.22 1 3.2066 93.75 1
0 ) ) 1.1030 82.22 1 3.2066 93.78 2
0 1 2 3 4 5 1.2033 84.17 1 3.2066 94.60 3
1.3033 86.03 1 3.2066 94.19 4
Temperature (K) 1.4035 87.76 1 3.3067 93.44 1
Fi. 16.1. The recommended values for the latent heat of vaporization of 1.5036 89.36 1 3.3067 93.50 2
liquid “*He as a function of temperature at the saturated vapor pressure. 1.5036 89.70 2 3.3067 93.95 4
1.6037 90.74 1 3.4069 92.99 1
1.6037 90.86 2 3.4069 93,06 2
1.7039 91.88 1 3.4069 93.90 3
100 — e 1.7039 91.92 2 3.4069 93.56 4
1.8041 92.72 1 3.5070 92.42 1
1 1.8041 92.72 2 3.5070 92.46 2
80 T<T - 1.9042 93.17/ 1 3.5070 92.99 4
* 1.9042 93.13 2 3.6070 91.64 1
I ] 2.0042 93.13 1 3.6070 91.67 2
— 60 . 2.0042 9301 2 3.6070 92.70 3
s 2.1044 92.32 1 3.6070 92.27 4
g i 1 2.1044 92.03 2 3.7071 - 90.71 1
= 40} . 2.1546 91.47 1 3.7071 90.71 2
. | 2.1546 91.16 2 3.7071 . 9137 4
T 2.1646 91.21 1 3.8071 89.53 !
20 |- T | 2.1646 90.98 2 3.8071 89.55 2
| M 2.1748 90.86 1 3.8071 90.70 3
2.1748 90.79 2 38071 90.26 4
o Lb—— U— s 2.1946 90.75 1 3.9070 88.17 ]
-5 -4 -3 -2 -1 0 1 2.1946 - 90.71 2 3.9070 88.22 2
Log/T-T,| 2.2046 90.75 1 3.9070 88.96 4
2.2046 90.77 2 40070 86.56 {
FiG. 16.2. Detail of the recommended values latent heat of vaporization 338:2 213(7] Z :gg;’g g?% §
about the lambda transition. o . . .
2.2546 90.91 ] 4.0070 87.44 4
2.2546 91.05 2 41071 84.59 1
2.3047 91.16 I 4.1071 84.76 2
4 —T T 2.3047 91.34 2 4.1071 85.62 4
2.3047 91.51 4 4.2071 83.55 4
- 2.4049 91.73 1 42071 82.34 1
2.4049 91.91 2 42071 82.46 2
2F b 2.4049 92.50 3 42071 83.80 3
2.4049 91.94 4 4.3070 81.17 4
I 2.5052 92.92 1 4.4070 78.80 3
— 2.5052 92.46 2 4.4070 78.41 4
§ 0 2.5052 9245 4 4.5071 75.27 4
4 i 2.6054 92,98 4 4.6072 72.00 3
2.6054 92.80 1 4.6072 71.69 4
oL ] 2.6054 92.95 2 4.7073 67.58 4
2.6054 93.40 3 4.8073 62.50 3
I 2.7057 93.25 ] 4.8073 62.65 4
2.7057 93.31 2 4.9073 56.39 4
4 A TR T I BRI 2.7057 93.50 4 5.0072. 48.10 3
0 1 2 3 4 5 2.8060 93.58 1 5.1070 36.00 3
2.8060 93.59 2 5.1569 26.80 3
Temperature (K) 2.8060 94.20 3 5.1868 16.00 3
2.8060 93.89 4 5.1958 0.00 0

FiG. 16.3. The fractional deviation of values of the adopted database from

the recommended values for the latent heat expressed in percent.

J. Phys. Chem. Ref. Data. Vol. 27. NO. b. 1998
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TABLE 16.2. Knots and coefficients for the spline fit of the latent heat of

vaporization of liquid *He

R. J. DONNELLY AND C. F. BARENGHI

TABLE 16.3. Recommended values of the latent heat of vaporization of
liquid “He as a function of temperature at the saturated vapor pressure

Knots Coefficients Ty (K) L (J/mol) Tgo (K) L (J/mol)
K(1)=0.000 000 C(1)=59.829 83 0.00 59.83 2.35 9171
K(2)=0.000 000 C(2)=68.596 42 0.05 60.87 2.40 91.98
K(3)=0.000 000 C(3)=82.785 76 0.10 6191 245 92.24

- - 0.15 62.95 2.50 92.50
K(4)=0.000 000 C(4)=94.702 15 0.20 64.00 555 0774
K(5)=1.268 000 C(5)=92.503 50 0.25 65.04 260 9297
K(6)=1.980 630 C(6)=90.732 36 0.30 66.08 2,65 93.18
K(7)=2.176 800 C(7)=93.687 27 0.35 67.13 2.70 93.38
K(8)=2.176 800 C(8)=97.818 99 0.40 68.17 275 93.56
K(9)=2.176 800 C(9)=80.058 77 045 69.21 2.80 93.71
K(10)=3.726 500 C(10)=64.584 54 0.50 70.24 2.85 93.85
K(11)=4.378 900 C(11)=29.476 41 0.55 71.28 2.90 93.96
K(12)=5.106 127 C(12)=15.94783 g'gg s - gi-?f
K(13)=5.178 168 C(13)=3.110 047E - 04 070 7135 305 0414
K(14)=5.195767 0.75 75.37 3.10 94.14
K(15)=5.195 767 0.80 76.38 3.15 94.11
K(16)=5.195767 0.85 77.38 3.20 94.05
K(17)=5.195767 0.90 78.37 3.25 93.94

0.95 79.36 3.30 93.80
1.00 80.33 3.35 93.63
1.05 81.30 3.40 93.41

1.10 82.26 345 93.14
1.15 83.21 3.50 92.84
1.20 84.14 3.55 92.48
1.25 85.06 3.60 92.08
1.30 85.97 3.65 91.63

1.35 86.87 3.70 91.13

1.40 87.73 3.75 90.58
1.45 88.56 3.80 89.97
1.50 89.35 3.85 89.31

1.55 90.09 3.90 88.59
1.60 90.77 3.95 87.82
1.65 91.38 4.00 87.00
1.70 91.91 4.05 86.13
1.75 92.36 4.10 85.20
1.80 92.72 4.15 84.22
1.85 92.98 4.20 83.19
1.90 93.13 4.25 82.11

1.95 93.16 430 80.98
2.00 93.07 435 79.80
2.05 92.80 4.40 78.57
2.10 9227 445 77.27
2.18 90.75 4.50 75.86
218 90.75 4.55 74.32
2.18 90.75 4.60 72.59
2.18 90.75 4.65 70.64
2.18 90.74 4.70 68.44
2.18 90.74 475 65.94
2.18 90.74 480 63.11
2.18 90.74 4.85 59.90
2.18 90.73 4.90 56.28
2.18 90.73 495 5222
2.18 90.73 5.00 47.67
220 90.87 5.05 4259
225 91.15 5.10 36.95
2.30 91.43 5.15 29.34

16.1. Chronological Bibliography for Latent Heat

'L. L. Dana and K. H. Onnes, Proc. R. Acad. Sci. Amsterdam 29, 1051
(1926).

“R. Berman and J. Poulter. Philos. Mag. 43, 1047 (1952).

*H. Van Dijk and M. Durieux, **The temperature scale in the liquid helium
region.”” in Progress in Low Temperature Physics, edited by C. J. Gorter
(North Holland, Amsterdam. 1957), Vol. 2, pp. 431-464.

*H. Ter Harmsel, H. Van Dijk, and M. Durieux, Physica 36, 620 (1967).
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17. Saturated Vapor Pressure

Between 0.65 and 5.0 K, Ty, is defined in terms of the
\apor pressure relations of *He and “He. In this range, the
terpolating equation is of the form:

9 .
[In P—-B\!
T90:E A; T) s

i=0

ahere P is the vapor pressure in Pa. For *He the values of
+he coefficients A; and the constants B and C are given in
Table 17.1. Although ITS-90 goes only down to 0.65 K, this
squation is, in fact, valid to 0.5 K.

Ta8LE 17.1. Values of the coefficients in the equation for the saturated
.apor pressure for liquid *He on the Ty scale

*He *He
(1.25- (2.1768~
2.1768 K) 5.0 K)
Ay 1.392 408 3.146 631
A 0.527 153 1.357 655
Ay 0.166 756 0413923
Ay 0.050 988 0.091 159
Ay 0.026 514 0.016 349
As 0.001 975 0.001 826
Ag —0.017976 —0.004 325
A, 0.005409 —0.004 973
Ay 0.013 250 0.0
A 0.0 0.0
B 5.6 10.3
C 29 1.9
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F1G. 17,1, The recommended values for the saturated vapor pressure (in Pa)
 liquid *He calculated from the splire.
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FiG. 17.2. Log;, of the saturated vapor pressure curve (in Pa) of liquid “He.
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FiG. 17.3. The fractionat deviation of values of the saturated vapor pressure .
of *He calculated with the spline from those calculated with the ITS-90
equations expressed as percent.
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Fic. 17.4. Deviations in temperature AT corresponding to the deviations in
pressure shown in Fig. 17.3.
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Below 1.25 K, the simple equation

. Ly 5
In(P)=iy— ﬁ‘l’ E In(T)
suffices to give P in terms of T or vice versa, where L,
=159.83 J/mol is the latent heat of evaporation at absolute
zero,  ig=In[(2mm)¥*k"*h 3] = 12.2440, and R
=8.314 510 J/mol-K.

Since the interpolating equation gives temperature as a
function of pressure, we offer a spine which returns the pres-
sure as a function of temperature. Table 17.2 gives the knots

and coefficients.

TaBLE 17.2. Knots and coefficients for the saturated vapor pressure of liquid
“He on Ty

Knots Coefficients Knots Coefficients
K(1)=0.5 C(1)=0.00183797 K(i8)=1.5 C(18)=1886.00
K(2)=0.5 C(2)=0.00250000 K(19)=1.7 C(19)=3194.00
K(3)=0.5 C(3)=0.00376000 K(20)=1.85 C(20)=5569.50
K(4)=05 C(4)=0.006 24000 K(21)=2 C(21)=9279.10
K(5)=052 C(5)=0.012 3600 K(22)=22 C(22)=15370.0
K(6)=0.53 C(6)=0.033 0600 K(23)=25 C(23)=23480.0
K(7)=0.56 C(7)=0.093 3900 K(24)=2.7 C(24)—37355.0
K(8)=0.6 C(8)=0.258 560 K(25)=3 C(25)=57050.0
K(9)=0.65 C(9)=0.626 900 K(26)=3.3 C(26)=87170.0
K(10)=0.7 C(10)=1.37025 K(27)=3.7 C(27)=132825
K(11)=0.75 C(11)=2.93305 K(28)=4.05 (C(28)=179650
K(12)=0.8 C(12)=6.373 18 K(29)=4.5 C(29)=211 567
K(13)=0.85 C(13)=15.0042 K(30)=5.1
K(14)=0.92 C(14)=38.0570 K(31)=5.1
K(15)=1 C(15)=116.050 K(32)=5.1
K(16)=1.1 C(16)=1362.700 K(33)=5.1
K(17)=1.25 C(17)=990.900

J. Phvs. Chem. Ref. Data, Vol. 27. No. 6. 1998
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TABLE 17.3. Recommended values of the saturated vapor pressure of liqﬁ‘i‘@;

s “He
—
Ty (K) P (Pa) Ty (K) P (Pa) "
0.650 1.I01E-01 2.900 2.063E+04""
0.700 2.923E-01 2.950 2.229E+04
0.750 6.893E 01 3.000 2405E+04
0.800 L475E+00 3.050 2.589E+04
0.850 2.914E+00 3.100 2.783E+04
0.900 5.380E +00 3.150 2.987E +04
0.950 9.381E£+00 3.200 3201E+04
1.000 1.558E+01 3.250 3425E+04 .
1.050 2479E+01 3300 3.659E+04
1.100 3.802E+01 3.350 3.904E+ 04
1.150 5.647E+01 3.400 4.160E +04
1.200 8.152E+01 3.450 4.426E+04
1.250 LI47E+02 3.500 4.705E +04
1.300 1.579E+02 3.550 4.994E+04
1.350 2.129E+02 3.600 5.296E +04
1.400 2.819E +02 3.650 5.609E +04
1.450 3.673E+02 3.700 5.935E+04
1.500 4715E+02 3.750 6.273E+04
1.550 5971E+02 3.800 6.625E + 04
1.600 7A465E+02 3.850 6.989F + 04
1.650 9.226E+02 3.900 7.366E+04
1.700 1.128E+03 3.950 1.757E+04
1.750 1.366E +03 4.000 8.162E +04
1.800 1.638E+03 4.050 8.580E +04
1.850 1.949E +03 4.100 9.013E+04
1.900 2.299E+03 4,150 9.461E+04
1.950 2.692E+03 4.200 9.923E+04
2.000 3.130E+03 4.250 1.040E +05
2.050 3.613E+03 4.300 1.089£ +05
2.100 4.141E+03 4.350 1.140E +05
2.150 4.716E +03 4.400 1.193E+05
2.200 5.335E+03 4.450 1.247E+05
2.250 6.005E+03 4.500 1.303E+05
2.300 6.730E +03 4.550 1.360E +05
2.350 7.512E+03 4.600 1.419E+05
2.400 8.354E+03 4.650 1.480E - 05
2.450 9.258E +03 4.700 1.543E~05
2.500 1.023£ +04 4.750 1.608E ~05
2.550 L127E+04 4.800 1.674E +05
2.600 1.237E+04 4.850 1.743E+05
2.650 1.355E+04 4.900 L8I3E£+05
2.700 LA81E+04 4.950 1.886E +03
2.750 L6I1E + 04 5.000 1.960E -+ 05
2.800 1.755E+04 5.050 2.037E+05
2.850 1.905E +04 5.100 2.116E+05

It is possible that one might want to know the vapor pres-
sure on the Tsg scale since the bulk of available data has
been taken on Tsg. Table 17.4 gives the knots and coeffi--
cients of a spline which returns the log;, of the saturated
vapor pressure in uHg (the wusual unit for Tsg).
nHg=0.1332 Pa.

17.1. Reference for T58

'C. F. Barenghi, R. J. Donnelly, and R. N. Hills, J. Low Temp. Phys. 51,
319 (1983).
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TBLE 17.4. Knots and coefficients of a spline which returns the log,; of the
saturated vapor pressure on the T58 scale

Knots

Coefficients

K(1)=1.000 000
K(2)=1.000 000
K(3)=1.000 000
K(4)=1.000 000
K(5)=1.151 055
K(6)=1.287 657
K(7)=1.432021
K(8)=1.598 327
K(9)=1.740 550
K(10)=1.899 594
K(11)=2.101 790
K(12)=2.176 014
K(13)=2.183 220
K(14)=2.288 467
K(15)=2.579 378
K(16)=2.740 483
K(17)=2.889 599

C(1)=2.079 205
C(2)=2.290418
C(3)=2.641 180
C(4)=3.067 643
C(5)=3.434872
C(6)=3.744 602
C(7)=4.016 736
C(8)=4.269 063
C(9)=4.453011
C(10)=4.558 079
C(11)=4.624 146
C(12)=4.760 414
C(13)=4.923719
C(14)=5.078 931
C(15)=5.188 290
C(16)=5.287 068
C(17)—5.379 480

Experimental determinations of the diffusivity have been
made by measuring relaxation times in a thermal conductiv-
ity apparatus and the associated relaxation time to reach
steady state conditions. See M. Dingus, F. Zhong and H.
Meyer, J. Low Temp. Phys. 65, 185 (1986). The most recent
and best, done with several cell spacings is shown in Fig. 19
in D. Murphy and H. Meyer, J. Low Temp. Phys. 99, 745
(1995) and again in Fig. 12 of D. Murphy and H. Meyer, J.
Low Temp. Phys 107, 175 (1997).

TABLE 18.1. Table of recommended values of the thermal diffusivity of
helium I at the saturated vapor pressure

C(18)=5.463 746
C(19)=5.543 383
C(20)=5.618 267
C(21)=5.689 276
C(22)=5.756 536
C(23)=5.820032
C(24) =5 861 069
C(25)=5.880 814

K(18)=3.040 574
K(19)=3.189 656
K(20)=3.340 566
K(21)=3.479 662
K(22)=3.630 567
K(23)=3.779 660
K(24)=3.920 276
K(25)=4.070 000
K(26)=4.215 000
K(27)=4.215 000
K(28)=4.215 000
K(29)=4.215 000

18. Thermal Diffusivity of Helium |

The thermal diffusivity is defined as
Dr=«lpC.

The values of density have been given in Sec. 1 and of ther-
mal conductivity have been given in Sec. 15. The specific
heat at constant pressure needed in the Bénard convection
experiments in helium [ is a somewhat unusual quantity. The
heating of the cell is done with the cold end thermally an-
chored to the main bath at the saturated vapor pressure. The
liquid on the warm end expands at constant pressure, and
therefore the value of specific heat must be evaluated at cach
temperature at the vapor pressure. We denote this quantity as
C, and define it as

i P
Cou= Cot TV, | ﬁ)

) s

a,

where V,, is the molar volume of helium, dP/JT is the first
derivative of the saturated vapor pressure (Sec. 17), and the
thermal expansion coefficient a and specific heat have been
discussed in Secs. 1 and 7. Therefore we simply give a table
of recommended values for reference purposes. To convert
from m*s to cm*/s multiply by 10%.

Too (K) Cys (J/mol-K) Dy (m%s)
2.178 32,629 2.801E-8
2.180 27.100 2.374E-8
2.185 22,204 2.231E-8
2.190 19.399 7 306E -8
2.20 16.738 2510E-8
2.25 12.301 3.150E-8
2.30 10.807 3.588E—-8
2.35 10.041 3912E-8
2.40 . 9.554 4.176E—8
245 9.272 4.380E-8
2.50 9.137 4.528E-8
2.55 9.106 4.630E-8
2.60 9.139 4.699E—8
2.65 9.200 4.751E~8
2.70 9.280 4791E-3
2.75 9.378 4819E-8
2.80 9.494 4.836E—8
2.85 9.627 4.843E—-8
2.90 9.778 4.839E—8
2.95 9.947 4.826E—8
3.00 10.132 4.804E -8
3.05 10.334 AT14E-8
3.10 10.553 4.737E-8
3.15 10.789 4.693E—8
3.20 11.041 4.643E-8
3.25 11.309 4.589L—8
3.30 11.594 4.530E~-8
3.35 11.894 4467TE—8
3.40 12.210 4401E-8
3.45 12.542 4.333£-8
3.50 12.888 4.263E—8
3.55 13.250 4.192E-8
3.60 13.625 4.120F -8
3.65 14.015 4.048E—8
3.70 14.420 3.976E-8
375 14.84} 3.903E-8
3.80 15.281 3.830E-8
3.85 15.743 3.756E—8
3.90 16.227 3.681E—8
3.95 16.737 3.606E -8
4.00 17.277 3.529E-8
4.05 17.848 345268
410 18.456 3373E-8
115 19.106 3.293£-8
120 19.801 3211E-8
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19. Prandtl Number of Helium | TaBLE 20.1. Knots and coefficients for the displacement length & in he- -

lium I as a function of log;4(1 —7/T,). The displacement length is given
by 1078105 where S is the value returned by the spline. The core param.

The Prandtl number is defined as eter is 0.45 times the displacement length

Knots Coefficients

K(1)=-8.00 C(1)=5.5651787

P,=v/Dy. K(2)=—8.00 C(2)=4.059 918

K(3)=-8.00 C(3)=2.634 489

K(4)=-8.00 C(4)=0.720 2562

K(5)=—1.55 C(5)=0.525 8717

. . . . . . .. K(6)=-—0.700 C(6)=0.3207715

Since ?he k.mematxc viscosity and t.hermal‘ diffusivity have K(7)=—0.530 C(7)=0.326 4315
been given in Secs. 12 and 18, we simply list recommended K(8)=0
values for helium L. K(9)=0
K(10)=0
K(11)=0

TasLE 20.2. Table of recommended values of the displacement length & of

TaBLE 19.1. Table of recommended values of the Prandtl number for he- helium II
lium I at the saturated vapor pressure

Ty (K) S (cm)
T (K) P, Too (K) P, 130 3.072E—8
1.35 3.183E—8
2.178 0.6139 3.15 0.5382 140 3303E—8
2.180 0.7244 3.20 0.5461 1.45 3432E -8
2.185 0.7746 3.25 0.5545 1.50 3.568E—8
2.190 0.7511 3.30 0.5636 i 2(5) ggégg —S
2.20 0.7184 335 0.5732 165 101063
2.25 0.6175 3.40 0.5834 170 4181E—38
2.30 0.5649 345 0.5940 1.75 4386E—8
2.35 0.5361 3.50 0.6049 1.80 4.649E -8
2.40 0.5164 3.55 0.6162 :gg ‘;-Zggg ‘S
2.45 0.5039 3.60 0.6276 195 e 71E—3
2.50 0.4969 3.65 0.6393 200 7247E 8
2.55 0.4940 3.70 0.6511 2.02 7.862E -8
2.60 0.4936 3.75 0.6630 2.04 8.647E—8
265 0.4944 3.80 0.6751 ;-gg ??ﬁ-ﬁ - 5
2.70 0.4958 3.85 0.6875 510 | 32057
275 0.4979 3.90 0.7004 212 1.654E —7
2.80 0.5007 3.95 0.7142 2.14 2.281E~7
2.85 0.5041 4.00 0.7291 2.16 4.040E -7
2.90 0.5082 403 0.7456 2.162 4.426E—7
2.95 0.5130 410 0.7639 2.164 4912E -7
= 2 : : 2.166 5.546E—7
3.00 0.5183 4.15 0.7839 2168 6.416E—7
3.05 0.5243 4.20 0.8056 2.170 7.701E~7
310 0.5309 2.172 9.837E-7
2.174 1432E-6
2.176 3373E—6
2.1761 3.691E—6
2.1762 4.095E—6
2.1763 4.630E-6
2.1764 53771E-6
) 2.1765 6.517E—6
20. Displacement Length and Vortex Core 2.1766 8.536E—6
2.1767 1.350E-5

Parameter

20.1. Reference for Displacement Length and

The displacement and healing lengths and vortex core pa-
P N P Vortex Core Parameter

rameter of helium Il are discussed in the appendix in a re-

view article by Barenghi, Donnelly and Vinen.! We give

their spline fit and recommended values to the displacement 'C. F. Barenghi. R. J. Donnelly. and W. F. Vinen. J. Low Temp. Phys. 52,
length & and recommended values of the core parameter a. 189 (1983).
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21. Nomenclature

Physical quantity

1271

Unit symbol or value

*He mass

Atomic weight of “He
Boltzmann's constant
Planck’s constant
Planck’s constant {+2 )
Pressure (Pascal)

6.646X107% g

4.0026 g/mol

1.380 658 1072 J/K
6.626 075 5X 1073 J.s
1.054 572 66X 1073 J.5
Pa

| Potential difference (volt) \%

7 Temperature (kelvin) K

S\P Saturated vapor pressure

T The lambda transition at SVP K

nelium 1 (He 1) Liquid *He, T > T,

nelium 11 (He 11) Liquid *He, T<T,

0P P Density g/em?

0 Wave number of excitation ATY1A'=10"mY
s@) Structure factor

S Entropy J/g-K

Upe K2y M3, My Velocity of sound m/s

@ Coefficient of thermal expansion at SVP K™!

L Latent heat J/mol

H Enthalpy J/mol

C, Heat capacity at saturation pressure Jfmol-K
ay Molar polarizability 0.123 296 cm*mol
Ps Surface tension N/m

7 Viscosity Pa-s
v=7p Kinematic viscosity m?*/s

Dy Thermal diffusivity m%/s

Pr= w/Dr Prandtl number

. Mobility of positive ions m/V-s

“. Mobility of negative ions m¥V-s

€ Dielectric constant

B. B Coefficients of mutual friction

I3 Thermal conductivity mW/cm-K
4 Displacement length cm
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23. Appendix

23.1. Programs for Spline Evaluation

The evaluation routine for the splines used in this publi-
cation is discussed in the appendix to the paper by Donnelly,
Donnelly and Hills [J. Low Temp. Phys. 44, 471 (1981)]. A
FORTRAN version was given there, and is reproduced below
for convenience. In addition HP BASIC, VISUAL BASIC, and
HP48G versions are also included.

23.1.1. Fortran Subroutine

N=Number of internal knots

A= Array of coefficients

Q= Array of knots

X= Independent variable value

Y= Return value of spline at point X
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IFLAG= Error flag: should be set to 0 before calling sub- 150 J=L
routine 160 END IF
SUBROUTINE EVAL (N, A, Q, X, Y, IFLAG) 170 END LOOP
INTEGER [, J, K, JP3, JPL, IFLAG, N 180 K1=K({J+1)
REAL A(15), D(15), Q(20), X, Y 190 K2=K({J+2)
IF(X.LT.Q(4).0R.X.GT.Q(N+5)) GO TO 10 200 K3=K({J+3)
I=0 210 K4=K({J+4)
J=N+1 220 K5=K({J+5)
20 K=(I+1)/2 230 K6=K(J+6)
IFJ~ILE.1) GO TO 30 240 E2=X-K2
IF(X.GE.Q(K+4)) GO TO 40 250 E3=X-K3
J=K 260 E4=K4-X
GO TO 20 270 E5=K5-X
40 I=K 280 !
GO TO 20 290 Cl1=((X-K)*C(J+1)+E4*C())/(K4—K1)
30 JpP3=J+3 300 Cdi1=(C(J+1)—C(J))/(K4—K1)
DO 50 I=J, JP3 310 C21=(E2*C(J+2)+E5*C(J+1))/(K5—K2)
50 D@)=A() 320 Ca21=(CJ+2)—CJ+1))M(K5-K2)
DO 60 K=1, 3 330 C31=(BE3*C(J+3)+ (K6 —X)*C(J+2))/(K6—K3)
JPL=JP3~-K 340 Cd31=(C(J+3)—C(J+2))/(K6—K3)
DO 60 I=]J, JPL 350 C12=(E2*C21 +E4*CI11)/(K4—K2)
60 D(I)=((X-QU+K)*D(I+1)+(Q(I+4)—X)*D(1))/ 360 Cd12=(C21+E2*Cd21 -C11+E4*Cd11)/
(QUI+4)—Q(I+K)) (K4-K2)
Y=D(J) 370 Cdd12=2*(Cd21—~Cd11)/(K4~K2)
IFLAG=1 380 C22=(E3*C31+E5*C21)/(K5—K3)
GO TO 80 390 Cd22=(C31+E3*Cd31—C21+ES5*Cd21)/
10 Y=0.0 (K5—-K3)
PRINT 70 400 Cdd22=2*(Cd31—-Cd21)/(K5—~K3)
70 FORMAT(*‘X-VALUE OUT OF RANGE"’) 410 S=(E3*C22+E4*C12)/(K4—K3)
IFLAG=2 420 Sd=(E3*Cd22+C22+E4*Cd12—-C12)/
80 RETURN (K4—K3)
END 430 Sdd=(E3*Cdd22+2*Cd22+E4*Cdd12
—2*Cd12)/(K4—K3)
23.1.2. Hewlett—Packard ‘“‘Rocky Mountain™ Basic Subroutine 440 ELSE
Ncap7= Number of knots, internal and external 450 S:_O
K(*)=Array of knots 460 Ifail=1
C(*)=Array of coefficients 470 PRINT ““ERROR DETECTED EVAL”
X=Value of independent variable 480 PRINT *““Ncap7="";Ncap7
S= Return value of spline at point X 490 PRINT “X = —'"X
Sd=First derivative of spline at point X 500 PRINT “*K(1)=""K(1)
Sdd=Second derivative of spline at point X 510 PRINT “C(1)="":C(1)
Ifail=Error flag 520 END IF
530 SUBEND
10 END
20 SUB Eval(Ncap7.K(*),C(*),X,S,5d,Sdd.Ifail) 23.1.3. C Subroutine
30  OPTION BASE 1 ncap7=Number of knots, internal and external
40 INTEGER JJI,L k= Pointer to array of knots
50 Ifail=0 c¢= Pointer to array of coefficients
60 IF (X>=K(4)) AND (X<K(Ncap7-3)) THEN x= Value of independent variable
70 J1=0 first= Address of variable to hold first derivative
80 J=Ncap7-7 second= Address of variable to hold second derivative
00 Loop This function returns the value of the spline at point X
100 L=J1+J)2
10 EXIT IF J-J1<=] #include (math.h)
120 IF X>=K(L+4) THEN double eval(ncap7.k.c.,x.first,second) /* 3/09/88%/
130 J1=L int ncap7;

140 ELSE double k[].c[].x;



OBSERVED PROPERTIES OF LIQUID HELIUM 1273

23.1.4. HP48G Series Caicuiator Subroutine
<SWAP DUP SIZE OBJ—DROP 4—-2/

souble*first,*second;

int j,jlr,L,ifail; —sn
double s.k1r,k2,k3,k4,k5,k6.e2,e3,e4,e5.c11,cd11,c21, <SWAP
¢d21,cd31,c12,cd12; et
double cdd12,c22,cd22,cdd22,c31,cdd21,sd,sdd; <
ifail=0; e 4 ) oy
(> =k{3] && (x< =K{ncap—3]) ITFH éNc(n+4)AND ¢(2*n+1)==rNOT
{ . . CLLCD ‘‘ERROR IN EVAL, RANGE!” 1 DISP 1
jr== ;’_7_ FREEZE
i
b E(J.J_J.l’o\/ N 0°'JI’STO 'n—3'>NUM 'J’ STO
{ WHILE
if (x>=k[L+4]) T-J1>T
ile=L; REPEAT
else *(J11+1)/2’—NUM L’ STO
j=L; IF 't=c(L+4+n)’
L=(lr+j)/2; THEN
} L J1’ STO -
kir=k[j+1]; ELSE
k2=k[j+2]; L °J STO
Kk3=k[j+3]: END
ka=k[j+4]; END
kS=K[j+5]; 16
k6=Kk[j+6]; FOR x ’c(J | x | n)’—NUM NEXT
e2=x—k2; —kl1 k2 k3 k4 kS k6
e3=x—k3; <t k2—t k3—k4 t—k5 t—
ed=k4—x; —e2 el ede5
e5=k5—x; < ((t=kD*c(J+1)+ed*c()))/(k4—k1) ->NUM
cl1=((x~klr)*c[j+1]+ed*c[j])/(k4—Kklr); "(c(@+1)—c(N)(kd—k1) -NUM
cdl1=(c[j+1]—c[j/(k4—klr); "(e2*c(J+2)+e5*c(J+1))/(k5—k2) —NUM
c21=(e2*c]j+2]+eS*c[j+ 1)/(k5—k2), (e(J+2)—c(J+ 1))(kS—k2) =NUM
cd21=(c[j+2]—clj+1]/(k5-k2); *(e3%c(J+3)+ (k6= 1) *c(1+2))/(k6 —k3)' - NUM
c31=(e3%c[j +3]+(k6 —x)*cfj + 2])/(k6 —k3); *(c(J+3)—c(J+2))/(k6~k3) =NUM
cd31=(c[j+3]=clj+2]/k6—k3); —cll cdl1 21 cd21 ¢31 cd3l
cl2=(e2*c21 +ed*cl1)/(k4—k2); <
cdl2=(c21+e2*cd2l —cll+ed*cdl1)/(k4—k2); (e2%c21 +ed*c11)/(kd—K2) —NUM
cdd12=2%(cd21 —cd11)/(kd —k2); ‘(c21+e2%cd2] —cl1+ed¥cdl1)/(kd—k2)' —NUM
c22=(e3%c31+e5%c21)/(k5—K3);. 2%(cd21 —cd 1 1)/(kd—k2)’ - NUM
cd22=(c31+e3*cd31—c21+e5%cd21)/(k5—k3): (€3 ca1 +e5*2 (kS —K3) NUM
cdd22=2%(cd31 ~cd21)/(k4 —k3); (c31+e3*cd31 —c21 +e5*cd21)/(kS—k3) —NUM

s=(e3*c22+ed*c12)/(k4—k3);
*irst=(e3*cd22+c22+ed*cd12—c12)/(k4—k3);
*second=(e3*cdd22+2%cd22+ed*cdd12~2%*cd12)/

2*%(cd31—cd21)/(k5—k3)’—=NUM
—cl2 cdl12 cdd12 ¢22 c¢d22 cdd22
< (e3*c22+ed4*cl12)/(k4—k3)’—=NUM ’S’ STO

) (k=3 '(e3*cd22+c22+ed*ed12—c 1 2)/(kd—k3)’
else —NUM 'Sd’ STO
{ *(e3%cdd22 +2%cd?2 +ed*edd12 —2%cd12)/
<=0 (k4 —k3)" —=NUM
ifail=1: "Sad” STO

{JJ1IL}PURGE

printf (**Error detected in eval...\n"");
printf (*'ncap7=%d\n"".ncap7);
printf ("x  =%If\n"".x): >
! >
return (s): >
1
!



23.1.5. Visual Basic Routine

*Visual Basic routine for EVAL( ). Knots and Coefficients
are
‘read from a file as records.
"the (*) sign marks a VB comment
Public Function Eval(NumKnots As Integer, ThisT As
Double) As Double
Dim I, J, K, JP3, JPL, IFLAG, N As Integer ’translated from
F77
N=NumKnots—8 *number of internal knots
Dim This V As Double
ReDim D(1 To NumKnots) As Double ’the D(15) is the
Fortran code
‘reality check (e.g. temperature range)...
If (ThisT<KnotVal(4)) Or (ThisT>KnotVal(N+5)) Then
MsgRox ““The Value of Temperature you entered is
ouside the fitted range. Will abort
Eval...””, 64 *(MsgBox...64) is one line
Exit Function
End If
"temperature is in valid range ... do the work
’Again, this is translated from F77
I=0
J=N+1
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StartOver: ’this is label 20 in original code
K=(I+1J)/2 ’label: 20
If J—I<=1 Then
JP3—J+3
For 1=J To JP3
D(I)=CoeffVal(I)
Next I
For K=1 To 3
JPL=JP3-K
For I=J] To JPL

D(1)=((ThisT—KnotVal{(I+K))*D(I+ 1)+(Kn0tVal(I+4)-m-

D(D))/(KnotVal(I+4)—KnotVal(I+K)) 'rest of above line
Next [
Next K
ThisV=D(J)
IFLAG=1
Eval=ThisV ’return the value of spline at ThisT
Exit Function
End If
If (ThisT>=KnotVal(K+4)) Then
I=K
GoTo StartOver
End If
J=K
GoTo StartOver
End Function



